Thomas Pynchon's novel Gravity 's Rainbow (1973) sports three equations in mathematical notation, and the second of these has puzzled readers for 45 years: is Pynchon's Second Equation real or made up? And what role does it have for interpretations of Gravity's Rainbow? In this paper, we draw on scientific documents and material from the archive of the German Museum, Munich (Deutsches Museum München) to establish the plausibility of the equation and determine its source. Based on our findings, we examine further instances of Pynchon's working with previously unidentified scientific and technical sources, and reconsider the role of the Second Equation in Gravity's Rainbow in terms of its relations to power and control, the life path of the 'main' character Tyrone Slothrop, and the novel's perspective on the ethical potentials of mathematics and physics. (Hayles, 2005: 5) . Readers of Thomas Pynchon's Gravity's Rainbow (1973) cannot afford to discard the explanatory potential of mathematical equations as quickly: to understand the world of Gravity's Rainbow, readers have to take into account equations as well as discursive explanations and a number of imagined, hallucinated, or dreamed-up models of realities. The novel includes three equations in forbidding mathematical notation, and given that the physicist Stephen Hawking was warned that each equation in his A Brief History of Time would halve the sales of the book, we can speculate that Gravity's Rainbow received only 12.5% of the readers it could have attracted -requiring readers undaunted by mathematics as well as by, as the trustees of the Pulitzer Prize put it when declining Pynchon the prize, the novel's obscenity and unreadability.
Pynchon's novels acknowledge the stereotypical inaccessibility of mathematics that is exacerbated by off-putting notation, while also exploring less often noted ideas that challenge mathematics as a straightforwardly rational domain, or, indeed, a serious occupation (see Engelhardt, 2018) . Even if the three equations in Gravity's Rainbow might repel some readers, they have attracted attention from researchers, and two of the equations were quickly translated into more easily approachable discursive explanations. 1 The last equation in the novel, introduced as a 'hilarious graffiti of visiting mathematicians', turns out to be a mathematical joke: ( ) ( ) 1 d cabin log cabin c houseboat cabin
A log cabin and c (homophone of 'sea') equal a house on the water or a houseboat. As Lance Schachterle and P. K. Aravind explain, '[t] he pun seems to have no grander purpose than to provide some passing amusement -amusement enhanced precisely to the degree to which the reader appreciates the underlying mathematics' (Schachterle/Aravind, 2001: 159) . It also serves the purpose to undermine the seriousness of mathematics: although the notation can be intimidating to nonspecialists, working through the graffiti should dissolve any unnecessary awe in laughter. The first equation in Gravity's Rainbow is almost as easily stripped of its power to halve the readership: it is the so-called Poisson equation, a well-known probability distribution. In the novel, Roger Mexico charts the location of rocket hits in London, and the Poisson distribution allows him to calculate the likelihood that a certain number of quadrants receives a certain number of hits. Some characters believe that he is able to predict where the rockets hit, yet, he does not have a special kind of foresight but only knows that the distribution of any large number of cases follows the statistical law described by the Poisson equation.
Pynchon's Second Equation is the most intricate and puzzling of the three passages in mathematical notation in Gravity's Rainbow: Θ is the desired yaw angle, present as a ' control.' φ is the missile's range; the differential 2 2 d dt φ is the change in the actual yaw angle with reference to an absolute axis fixed by gyroscopes. The third additive term refers to the continuous change in the weight of the rocket as its fuel is consumed. On the other side of the equal sign, R is the distance from the rocket to the Earth's centre; β the angle between the local horizontal and the direction of flight, δ a velocity ratio (Moore, 1987: 173) . 
Searching for Sources
Since our examination of literary sources in Pynchon studies did not reveal a definitive proof of the either real or imagined nature of Pynchon's mathematical description of rocket control, we turned to scientific material. When revisiting the previously considered texts, we realised that neither the book by Kooy The 1935 Volta Conference in Rome addressed the topic 'High Velocities in Aviation', and the scientists mentioned in the quotation above contributed papers on supersonic flight that might have been relevant to the later development of the V-2 (Weisenburger, 2006: 255) but do not directly concern the flight path or flight control of rockets. Cranz's Lehrbuch der Ballistik (Cranz 1925 (Cranz , 1926 (Cranz , 1927 (Cranz , 1936 Paperclip' (see Neufeld, 1995: 270) and articles (e.g. Kirschstein, 1951: 73, 74) . 6 With this information we can give the long versions of which the parameters d, c 1 , and c 2 are abbreviations:
It is not necessary to go into the physical details here, but what we can readily see is that all three parameter equations are divided by the value Θ. This means that we can revert to a previous version of the equation by multiplying all components with Θ.
Then, using the mathematical rather than the physical notation of the differentials and moving the fourth term to the other side of the equal sign where it becomes negative, we obtain the following variant of the equation of moments: 
Pynchon's Source
To shorten a long story of searching for sources: the essay 'The Control System of the V-2' by Otto Müller includes an ' equation for control in yaw' (Müller, 1957: 90) (Barboza, 2010: 488; Gruntman, 2004: 265) , and in his technical writings for the company Pynchon displayed interest in historical discussions (Wisnicki, 2001: 23 They shared an interest in rocketry and, as Pynchon later told Phyllis Gebauer, used to shoot toy rockets off the roof of the Gebauers' house (Gebauer 2011 ).
Next to the equation, Müller's paper contains illustrations and explanations of its parameters, variables, and terms (Müller, 1957: 90, 91) , so that we now know the meaning of all physical values of the equation and are able to revaluate previous assumptions. Moore's intuition that Pynchon's Second Equation is real proved to be correct, and he and his colleague correctly assign the angle φ to the orientational range of the rocket. But since they did not know that this formula is only one in a set of equations that describe the flight path, the orientation, and the steering of the V-2, the research team was misled in their interpretation of the other parameters and terms. With Müller's paper, we can finally determine the meaning of each term and compare these with Pynchon's reading. The first three terms refer, respectively, to the moments of inertia, of air resistance, and of lateral air impact when the rocket yaws, and the term on the right side of the equal sign represents the steering moment of the rudders (Müller, 1957: 90, 91; Kirschstein, 1951: 73, 74) . In other words, the left-hand terms describe the orientation of the rocket during flight, which is influenced by external forces such as wind currents and air resistance. The expression on the right side refers to the internal momentum for orientation control that is required to keep the rocket in the desired direction. In view of these meanings of the terms, Pynchon's characterisation of the equation is very apt: the phrase 'terms of The comparator contained a Wien bridge which was tuned to a frequency A t corresponding to v 1 * -Dv 1 * . (Müller, 1957: 85) In the next case, the method is reversed: Pynchon condenses information from a section in a paper:
The Schwarzkommando use the 50 cm band -the one the Rocket's Hawaii II guidance operated on. Who but rocket-maniacs would listen in at 53 cm? (GR 387) Whilst the change-over from the HV method to the HAWAII II method was taking place, a guide-plane method HAWAII I, which operated in the VHF region, was being tested. It consisted of two dipole antennae erected at a certain distance from each other, their phases being reversed at a frequency of 50 c/sec. […] The HAWAII II method was the guide-beam method with horizontal and vertical control which had been taken over from the HV technique and it operated on a 53 cm carrier wave. (Schäfer, 1957: 182) This example shows how Pynchon uses the terminology he finds in the collected papers to equip characters working on the rocket, here Achtfaden, with authentic (Kurzweg, 1957: 67) .
A final example shows that Pynchon's processes of translation include images as well as more mundane translations from German to English. Talking about the rocket, engineers in the novel explain that '[i]t was half bullet, half arrow' (GR 539). This is a translation of the name 'Peenemünder Pfeilgeschosse' (Kurzweg, 1957: 51) Like the rocket's path, Gottfried's destiny is determined from the beginning: he is completely at the mercy of Weissmann, and his captivity is compared to the fairy tale 'Hansel and Gretel' when he is said to belong 'in a way none of them can guess cruelly to the Oven… to Der Kinderofen' (GR 111). Gottfried is literally destined for the oven, since ' der Ofen' is the technical German term for the combustion chamber of the rocket. In the image below (Figure 3) , which is part of the archive of the German Museum in Munich, the oven is the white space at the base of the rocket, and the soldier placed next to it as a scale-model would fit into the space perfectly:
the soldier is all but destined for the oven.
It is tempting to think that Pynchon came across this image in the Smithsonian Institution or another archive, and that it inspired the idea of a mysterious S-Gerät that is being built into the Rocket 00000 and that turns out to be a plastic shroud encasing a human being. Significantly, with the S-Gerät a human element becomes part of the rocket during flight. As explained above, the rocket controls its own path with the help of a guidance device using a feedback mechanism: once in flight, the rocket is out of human control. But with the S-Gerät, a human element becomes part of the rocket once again. In the book by Benecke and Quick, we find reference to a '"Steuergerät" (control device)' (Temme, 1957: 74) in the V-1, and the article continues to use this German term: 'The displacement gyroscope, rate gyros and altitude measuring device and its actuator were designed as a single unit called "Steuergerät"' (Temme, 1957: 75) . These technical elements were also part of the V-2 control device.
The S-Gerät in Gravity's Rainbow is not a straightforward "Steuergerät" -Gottfried in the plastic shroud is not able to control the rocket but is a helpless victim. Yet, by building the S-Gerät, and with it a human element, into the rocket, the control mechanism of the V-2 changes. In the novel, engineers remark on the need to adjust calculations in view of the S-Gerät: Achtfaden remembers that the additional load was placed in the tail section, closer to the 'vane used for yaw control-' (GR 541), and 'Närrisch also spoke of an asymmetry, a load inside near vane 3 that complicated roll and yaw control almost impossibly' (GR 668). In other words, including a human being into the rocket oven makes calculations using the Second Equation for yaw control almost impossible. And consequently, by complicating calculations, a human element might prevent a rocket from striking its programmed target.
Human beings and the rocket are connected in various ways in Gravity's Rainbow, and it is almost a commonplace to say that Tyrone Slothrop's life follows the parabolashape of the rocket's trajectory. Yet, not Slothrop but Gottfried is built into the Rocket, and we suggest that Slothrop's path through the novel does not follow the physical path of the rocket but is better understood in view of the three equations in Gravity's
Rainbow. The first part of the novel reveals Slothrop's connection to the hardware: but the rocket is engineering; first and foremost it is "raw hardware"' (Tabbi, 1995: 80) . Comparing the life paths of Gottfried and Slothrop emphasises the need to distinguish carefully between the physical rocket and the mathematics connected to its trajectory: it is the difference between Gottfried's determinate death in a rocket explosion and Slothrop's ambiguous end of dissolving into possibilities. And it is worth taking a closer look at the relation of the three equations in Gravity's Rainbow to 'pure and transcendent' mathematics and, on the other hand, to the physicality of engineering hardware. All three equations are written in mathematical notation, but they belong to different disciplines: the joke relies on verbalisation and a change of frames of reference, the Poisson distribution is an abstract mathematical law, and the Second Equation describes a physical phenomenon. In other words, the mathematical joke and the probability distribution stand for freedom and uncertainty, while the Second Equation is a physical formula to determine material reality.
The (Gingras, 2001: 399) . In cases where mathematical calculations contradicted a mechanical or discursive interpretation, the mathematical explanation was considered true. So even though Newton was unable to explain the cause of gravity -'the cause of gravity is what I do not pretend to know', he wrote (Newton qtd. in Bentley, 1838: 210) -the mathematical law seemed to prove its existence. However, later developments in mathematics disproved the existence of the force of gravity:
Albert Einstein's theory of relativity showed that there is no force of gravity but that gravitation is the effect of space-time distortion (see Engelhardt, 2014) . The further mathematisation of physics thus disproved the existence of the force of gravity: gravity ' dissolved in the acid of mathematics'. Gingras gives further examples of this process: among other concepts, '[t]he electromagnetic ether, whose original role was to support waves (and explain their existence), also vanished after a century of unsuccessful efforts at its mathematization' (Gingras, 2001: 405 explosion with probabilities, and the 'mathematisation' of Slothrop's life -seeing that it corresponds to mathematical formulas rather than to the physical trajectory of the rocket -dissolves his existence into possibilities. Mathematics here works as an antidote to determinate reality, as a means to question the given and open up paths apart from the one favoured by the Elect. Mathematics thus is the Preterite counterpart of dominating physics, a means to achieve plurality and indeterminacy in a world seemingly bent inevitably towards the reality of death. In this sense, the ending of the novel is 'mathematical': a rocket is poised over the cinema and also threatens 'us' (GR 901), the readers, but instead of a determinate ending in explosion and death, the text opens up to possibilities of 'us' acting. If mathematics can dissolve gravity and the physical trajectory of the rocket into possibilities, then, so the suggestion, 'we' can pour acid on the reality presented as inevitable by the Elect. Breaking the bourgeois feedback cycle of control by inserting a human element, we may achieve maybe not necessarily a better reality, but at least the possibility of it.
Conclusion
When asking what resources we have to better understand the world of Gravity's Rainbow, 45 years after its publication, the search for Pynchon's Second Equation suggests two avenues: mathematics and V-2 archives in Germany and the USA. In Pynchon's worlds, mathematics is a means of charting alternatives to the given, an ethical instrument of freedom and multiplicity that can oppose a physics of reality and control. The connection between the three equations and Slothrop's life shows that, in the logic of the novel too, the Second Equation has to be real rather than made up: it symbolises the reality of control in Slothrop's life before, after a moment of levity and change, he turns into merely probable fragments of himself. In answer to Hayles's question about our resources to understand the world, Gravity's Rainbow demonstrates the need to take into account mathematical equations as well as modelling and discursive explanations and encourages understanding not only the world around us but also its possibilities. As Gravity's Rainbow employs mathematics as a means of uncertainty and open potential and physics as tied to reality, certainty, and control, it seems apt that we now know with certainty that Pynchon's Second Equation has physical meaning and is real. With illustration and explanations of some angles and parameters used in the equation for yaw control (3.1) (Müller, 1957: 90) .
